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and Roof Penetrations Associated with

ABSTRACT

Twent y-two Joverment-sponascred stisulstion
treataents have been mlned-through 1o deternine the
effects on the coalbed afd roof streti. Vertilcal
fractures in the coalbed were discernible for mcat
treateents, and horizontal fraciures wers present in
about RAlf of the treatments. Sand-propped vertical
fractures vere usually short in lateral exzent.
Herlsontal fractures vere generally found within
Dedding planes, scat commonly on top of the coalbded.
Evidence of stimulation fluld movemsent oould
genarally be traced beyond the marisum extent of
sand=fllled fractures when fluorsscent paint way
added to the treatsent flulds. Penetratiom of
strata cverlylng ccalbeds wvas observed Ln nearly
half of cthe treatsents |ntercepted. Most of these
cocurrences have Deen (nterprated to be penetrationa
into Jolnts or other presxisting planas of
structural weakness. NO roof falls o adverse
mining conditiona wers encountersd that couwld be
attributed to the atisulations.

INTRODUCT TOM

A total of 22 Cowrmment-apomacred atisulation
treatments LA coalbeds have besn Lntercepted DY
mining. Twenty-one of theae interceptions werse Iin
the Eaatern United States (10 Ln Pennaylveala, T in
Alabama, 2 1n Weat Virginia, and 1 sach in Illinola
and Virginia); only one in the Weaters United States
(Utah) was avallable for investigatlan. Theas
underground lotercepiiona have proavided a unique
apportunity to obaerve directly the actual effects
of the stlsulation treatments om coalbeds and
srrownding atrata, This report detalls
gtmervations previously presented In various forms
By the Covernment and |ts contractors, as well as
inforsation not heretolfore reported.

The Bureay of Mines has developed ssveral
cechnigues, Including the use of horloatal and
vertical borsholes, to rescove gas from ocoalbeds LA
advance of mining. Horisontal boreholes drjlled
from underg ound vorkings as part of Lhe mining
cycle Rave been ahoun to be wery affective in
providing short-tera, lssediate rellef from Righ
methane emiasicns [1=6]. This technique han been
widely accepted in the céoal w=ining Lnduatry, But it
does require close coordination to Integrate tLhe
drilling and subsequent gas & alnage and disposal
iato the mine Sevelopment plan.

Vertical Boreholes can e placed several years
in advance of mining ©o predraln gas from coalbeds
over relatively large areas [T=11]. The wvertical
torshcle technique has the additional acvantage
over horfzontal boreholes af alloving work o be
perforasd on the surface imstead of L the sore
reatrictive underground envircmment. Rovever,
except for the relatively large scale wvertlical
torshole programs for Doth mine safety and
commercial gas production Lm the Black Warrlior
Sasin of Alabama [7,9,11), the technioue Pas been
underutllized. The primary reiacn for this seems
to B¢ a4 comblnation of the socnomic conditions In
the ooal Induatry, legal questiona & %o the
cwnerahip of coalbed gas, and the fsar of roof
damage from the stisulation Ereataenta. Tha
queation of potentlal Foof damage ia an (mporiant
consideration adaressad (n this paper.

Underground evalmtion of areas surrounding
boreholes that have been stimalated Lo Increass gas
production from coalbeds (s an |mportant step in
devaloplng efficient stimulation treatments thit @
not agversely affect aining. By directly cbaerving
the effects of a particular stimulation design on a
coalbed and surrounding strats and evaluating the
chservations In conjunctlon with tharougn geclogic
characterization, valuable (nforsation can be
obtained, eapeclally sarly in the developsent stages
of A methane dralnage program. It ls lmporzant to
note that what |8 seen underground La dspendent upon
the area expoaed by mining anma the timlng of
aobservaticnas in relation To the advance of entriss,
Obviowsly once a valume of coal s mimed, anyphing
contalined Iin that coal |s Torever loat for direct
examinatlion,

Owing to the large amount of completion,
treatssnt, and sine-through data associated with
most of the astimulations, only & aynopais of the
results from all the atisulations can be presented
hare. Additlonal detalled Information can be
abtalned in the referenced publicationa, or In a
Aev Sureau of Mines compllétion and analysls of all
Frtl.mt data assoclated with the 22 treatments

121,

UNDERGROUND OBSERVATIONS
Tha underground observations have revealed &

variety ¢f condltions ranging from @xtens|ve
vertical and horlmatal sand-Fllled amd/or

243
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fluorsscent-palnt-coatad fractures Lo no discernible
fractures. A summary of the treatsent parameters
and underground observations Ls given in tables |
and 2. Eight of the treatments included the
agdition of fluoresosnt paint as & ald in locating
and mapplag the pathas of fluld movement Ln the
exposed coalbed and swrounding atrata,

Vertical sand=filled fractures vers genarally
wider fearest the borehols and narrowed rapldly
avay from the borshole. The saximum lateral extent
af sand-fllled vertical fracture wings vas
genarally ahort., Nine boreholes had sand=filled
fracture wings wvith & saxisum lengih of 30 ft or
less, three Doreholes Nad fracture wings 70 to 100
Ft in length, and oaly four (Figs. 1, 2, and 3] nad
wings over 100 ft in length.

When fluoreacent paint was uaed In the
treatments, the fractures could waually be traced as
palnt-coated cleat beyond thelr maxisum sand-filled
#Xtant. These cleat would not nave been [dentifled
a2 & pathway for stisulation fluld without the
presence of the palnt. It |3 mot known LI the
fractures repreaanted by palmt-coated cleat In fact
represent paths of (ncreased perseability that will
enrance the flow of vater and gas to the wellbore.

A gocd sxample of the additional traceable
fracture lengih vas obmerved at borehole DHM-6
(fig. %) in the Blus Creek Coalbed, where sand-
filled fractures could be traced & saximas af 35 ft
(southwest) compared to paint-coated cleat obmerved
630 rt (northeast) from the borehole [17]. The
palnt-couted cleat at 630 ft are the longeat
observed evidence of stisulation Mluld soveaent
raported to date &ahd was associsted with one of the
largest volume treatments. The most extenslve
paint~coated paths of fiuld sovement wers observed
in the viainity of borehclss RAP-2 and APF-1 Ln the
Ugper Fresport Coalbed (fig. 5) [19], and borshole
TW-% in the Blue Creek Coalbed (fig. 6) [9,16].
Fidld volume appearsd to have some (nfleence on Lhe
axtent of fluld soveasnt in that & greater numbsr of
fractures were assoclsted with borehole RAP-3, which
rad approximately a omne=third larger volume
treatment than RP-2. BSorehole TW-% alss had ane of
the largest volume treatments.

Iones of sultiple parallel sand-Tilled and/or
palnt-coated fractures are coRson nesr The
borehoies. The use of paint was a algnifleant atd
in ldentifying sultiple fluld patheays that were
essentially only the width of & cleat (FUg. T). At
increasing distances from the boreholes Lhe nusber
of sultiple vertical fractures usually decreassa and
only & alngle fracture remalna. Multiple fractures
were aomewhat sors prevalent In the friable coalbeds
like the Uppar Fressport (Fig. 7] and the Blue Creek
irig. 8). Hlooky coalbeds lke the Pittaturgh
tended to have a predominance of single, wider,
sand=fililed fracturea. Theae obaervatlons may be
socmewvhat Blased, however, nince nome of The
treatments (n the Pittaburgn Coalbed contalned
paint, and many of the zones of sultiple fractures
in the friable coalbeds were Ldentiflable only as
paint-coated cleat. This points out the need for
caution when coaparing observatioms from Ireatments
with and without paint.

Vertical fractures comacnly do mot estend the
antlre helgnt of the coalbeds, But are found only

in part of the coalbed. Im the Blus Creek Coalbed
when (ractures did not extend Lhe entire BReignt aof
the coalbed, they were usuwally present Ln'the upper
part, and less commonly, only Ln the lower part of
the coalbed. This say be related Lo variations in
the physical character of the BElus Creek Coalbed,
whish ls comsoniy more friable and “"saft* in the
uppar part.

soat of the observed sand-Tilled and paint=
coated wertical fractures penetrated or parallelsd
face cleat and occcaslomally Dwtt cleat ln the
coalbed. It I8 Interesting Lo mote that the
longest sand=filled vertical fracturs (06 fo,
barehale '-NE, [llimcis No. & coalbded, Fig. 3) 4id
not parallel a cleat direction, but was
approxisately 30° from the Butt cleat orlentation
[B]. This say result from the Lafluence of loecal
norizontal stress [lelds or unobaerved stair-
stepping along face and butt cleat which gave an
apparent orlentation oblligue to the cleat
grisntation. At several locationa, fractures that
parajieled the Face cleat did not directly
intercept the Dorehole if extended bask from thelr
point of observation. Apparently these Lreatoent
fluids followed a *"stalr-stap” pathway through the
coalbed, with only the face dleat fractures Deing
otasrved on the sxposed ribs and plllars.

It has been suggested [5,20,21] that gellec
water stimulation treataenta with sand progpant
would cheoretically produce relatively short, wide,
sand-Fllled vertical fractures and focas treatments
would produce longer, narmow, sand=-fliled fractures.
Only four of the trestments obaerved undergroumd
used gelled vater as the Lreatsent fluld, and
therafore a definitive atatement relating She
relative diffsrences between Lhe charactes of
fraciures resulting from the different flulds (s not
possible. However, the widest sand=fllled fracture
obaerved (8=1/2 (n, barehole TW-2, Fig. #) vas from
A gelled water treatsent in the Blue Creek Coalbed
(18], A 2=1/2=in-vide sand=filled fracture was alao
obaerved for the gelled waler Treatment on Doremole
USBM=4 in the Fittaburgh Coalbed (8], but a 2«1/2-
In=wide aand-rilled fracture vas Alsc observed for
the foss treatment oo borehole EM-6 in the
Pittadurgh Coalbed (9,19). The longest sand-filled
vertical fracture ctaerved (316 ry, borehals t=NE)
was Also Trom & gelled vaker treaiment Ln the
Illinols No. & Coalbed (Fig. 3) (8], where anor:
fractures sight be sxpectaed.

A norizontal Fracture «as discernlble in
approximately half of the mined througn stisulation
treataents. Flve of elght trestasnts that wmed
fluorescent palnt and seven additiconal treatmasnta
that did mot use paint Mad ldentiflable horlzomtal
fractures. It i3 generally thought that at
increasling depihs (overburden pressure) the
inéidence of horizomtal fracturing decreases. A
horizontal fracturs was found In stisulated
coalbeds a8 doep as 1,185 £t in the Blue Creek
Coalbed (borenole TW=-5, rig. &) [9,16]. Thia
fracture vas only ldentiflable a3 palnt coatings
aince no sand was used In the Lreatasnt on borshole
TW=5. The two Lrestsents with flucrescent paint in
the Slue Creek Coalbed that did not have
jdentifiable horizontal fractures were, At dapths
af 1,38& fu (borehole DWM=S) ana 1,219 ft (borencle
OMM=§), the deepest atimulations sined througn [17].
The deepest stimulation with &4 sand-Fllled
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Rorizontal fracture was 1,003 ft (n She Slue Creek
Coalbed at borehole TW-2 [(14]; however, the reat of
the sand-rilled horimnatal fractures wers (ound at
dapths of 400 to BOD rt. It seems likely that
additional horizontal fractures (or fluld pathways)
would have besn oleerved, sapecially in the shallow
coalbeds, I fluorescent paimt had been umed Ln more
treatmeants .

The moat common location for the horizontal
fractures |3 at the top of the coalbed at the
interface with the roof rock. Horlzontal fractures
are also found along other distinct interfaces suoh
as shale partings, shalay or hard, denss bDands in
the ooalbed, or at the Dotiam or top of rider coals
Iln the |smediate roof rogik. The dlatribution of
sand or paint on horizontal suefaces was generally
erratic (partially becauss of the 4ifficulty in
sapping thelir entire sreal, DUt In two Ccases
{boreholes AP-2 and RP-1) there wvas some suggestion
that there vas a4 correlation between cleat
orlentatlon &nd the axls of horizontal lobes of
paint (figa. 9, 10} [19]. At borehole TW-5 [9,16]
the horlontal (and vertical) fractures covered an
area with a general slliptical shape vith the long
?:u n:n)-l.nn to the face cleat orientatlon

1" -

Multiple horizontal frectures on different
planes have besn observed in several cases. The
sand-rilled horisontal fracturss are generally
thlakeat nesr the wellbore (saxisum of 1 In),
usually are thin (leas than 1/2 in) but quite
varjable o thickness alomg short lateral
distances, and say be discontinucua along
exposed rib (Flg. 1), The maximus lsteral sxtents
Ffor sand-{llled horlzontal fractires werse 250 ft in
the Jawbone Coalbed (Borehols DG=1a) [§] and 200 r:
in the Upper Freeport Coalbed (borshole AP-3, fig.
10) [19). T™he sazimus lateral erxtents for paimt-
coated horlzontal fractures were 265 £t and 200 I3
in the Upper Freeport Coalbed (boreholes AP-2 and
3, figs. 9 and 10} [19] and 230 ft in the Blue
Creek Coalbed (borshole TW-5, fig. 6) [9,14).

ROOF PEMETRATION

Penetration By flulds and/or sand proppant
into strata directly overlying the main besnch of
foal Ras bDeen obaerved Ln nearly hall of the
treataents Intercepted mnderground. In addressing
the aignificance of roof penetration, LT la
necessary to polnt out tLhat roof penetratlon does
not fAeceasarily eguate 1o roof dasage or an adverse
effect on aining. There have been no roof falls
attributed to the panetration of stimulation fluids
into roof strata from Govermment-spormored
treatments. Lasbert [9] 4ld report that
supplementary roof support was (ratalled as a
precait|onary seasurs In the viaiaity of Soremole
T¥=] at the Oak Crove Mine, where both the mined
Blue Creek Coalbed and the overlylng Mary Lee
Coalbed S5=1/2 1 above vers stipulated and whers
slne managesent observed *roof sovement™ along &
nearby rib. According to Lasbtert [9], the area vas
nined Lhrough “without experisncing any roof fall
during alning ope~ations .

Except for the Blue Creek Coalbed, most of the
panietrations of strata abowve the saln coal bench
have been falrly limited in wertlical and/or
horizontal e=xtent. In several cases penetration of

strata above the Slue Creek Coalbed was observed at
joccations 4 hundred feet or sore from 4 Sorehole.
The reason for the more sxieaslve roof’ penetratiocns
i3 m0t concluslvely wnown, But may be related to the
structural history of the area. Mecent In Situ
State of 3tress (I5505) tests conducted mear the Cak
Grove Mine (ndicated [ower (n situ stress values for
the racks swrounding the Mary Lee-Blus Creek
Coalbeds than measured in the coal [22]. [n the
Abtaence of a4 streas Sarrier or sechanical property
Barrier, upvard fracture breakout 13 more lieely.
Upward fracture breakout from this coal section was
reported during the IS505 teating nmear the Ouak

Grove Mine [32]. The presence of natwrally
securring roof jointa ocoupled with lower or slamilar
in slty stresses above the coal probably (nflusnced
the axzent of roof penetratlon at the CQak Orove
Mine.

In ssveral cases, Lhe strata penetrated above
coalbeds have Deen weak, thin shales below riders
coals, and the fractures have besn contalned |n
strata that wers generally ained along with the
saln bench of coal throughout the mine to prevent
them from deteriorating and Falling at a later tise
(fig. '2). Such strata penstrations ahould not
really b= comsldered “roof™ penetrations: however,
they are included as such Ln table 2.

Relustanoe to accept the use of stisulated
vertical boreholes Lo remove gas from ooalbeds
prior to sining say be related to the use of the
terms “fracturs,” *fracturing,” and "breakdown,”
which perhaps suggest a catastroghlc breakup of the
strata treated. The avlidence from direct
wndergrownd oservation and many of the Lreatment
records (including those from boremoles Aot =ined
through) suggests that "nev® fractures are 3sldom
ereated, but rather naturally ocourring planes aof
weakness (cleat, joints, or bed boundaries) are
entersad and opened up Lo varying degreea. [n moat
cases the penetration of strata overlying the maln
coal bench has besn attributed to the lavasion af
preaxisting jolnts, as evidenced by joints of the
same pgeneral character and orientation accurring
throughout & aine.

SUMMARY

The type of stimulation fluld probably has
scme Influence on the character of the |nduced
fractures, & do other [actors 3uch as treatoent
vaoluse, injection rate, and depth and pnyaical
characteristics of the coalbed. Larger vwolume
treatasnts tanded Lo have pore observable
fractures, a3 was the case (n the three
progresaively larger Creatments I the Upper
frespor: Coalbed (boreholes RP-1, 2, and 3, fig. S).
Boreholes TW-% (TIg. 6) and DHM=-6 (fig. %), which
had two of the largest wolume treatasnta, also had
scme of the moat extenalve networks of fractures.

The phyaical properties of the coalbod sesmed
to have scme Influshos on the propagation of
fractures., Many of the wrtical fractures Ln the
Blus Cresk Coalbsd were present only in the more
friable upps= part. The vertical sand=C1lled
fracturea at borehole TW=-2 were located in the
ottom *Pard® part of the Blus Creek Coalbed and
inclined &nd became Morizomtsal at or oear the
interface between Lhe lower “hard™ part and the
upper *soft® friable part (fig. 8). The Upper
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Freeport Coalbed (borenoles AP-'. 2, and 3] had &
dgistinct ahale pariing near ihe top of the coalbed.
1f scme cases the parilng acted aa & Barrisr Lo the
upward growth of fractures, as seen with most af tha
paint coated Fractures shown |n Figere 7. But it
wAS mors common Tor the ahale parting to be
perietrated by the vertical fractures, whigh Then
became horizontal at the laterface at the top of the
parting and base of the upper coal bench [Fig. 137,
& distinet "shaley” band in the Pittaburgn Coalbad
at borefole EM-8 wvas generally penstrated by the
vertical fracturea vhich comtlinued vertlical abowve Lt
(Fig. 14}, but in one lnstance the fracture Decass
noriaontal above the bamd (Flg. 15). It was also
common to ses mmal]l horizontal offasts Ln She
wertical propagatiom of the fractirss as different
layers or bedding planes In Ehe coalbed wers
sncountered (Fig. 18], Thess offsets cocaslonally
resdlted L an inclined or sinuwoes appearance to the
swyertical® fracture. Wnile the physical properties
of the coalbed sesmed Lo Pave aome Lnfluence on the
character af the fractures, that Influsnce was
varlable and could not be conaldersd predictable.

it La impoasiple te guarantes that &
stimulation Ereatment L &4 coalbed will not
sgveraaly affect sining Lln some way. FHowever, the
underground avidence from the 22 case studles
sumarized in this report suggests That the
probability of adversely affecting mining
condltions i3 minimal. The uas of pre=3tisulation
strata characterlmtion tests, informed trsatment
design, and controlled treatmsnt lmplementation
(primarily injection ratea and therefors Lrsatment
preasare) can probably farther ainisize the chanos
of adverse milning conditions.

ACKNOWLEDGEMENTS

The author wishes to aginowledge Lhe
contributions of Mr. Stepnen W. Lambert of Taurus
Explorations, fne., and Charles M. Boyer of
Unesnventional Energy Growp, for thelr waluable
infermation and (nsight related to the underground
fractire observations In the Alabama mines.

REFERENCES CITED

1. Fimfinger, §. L., and Cervik, J.: Review of
Horizantal Drilling Technology for Sathane Dralnage
From U.5. Coalbeds, BuMimes I[C 8329 (19801, 20 p.

2. Hagood, D. W., Pate, R. £., and
Steavenaon, J. W.: Methane Control lm an Adwanclng
Section of an Underground Coal Miss (sontract
50195037, Jim Walters Resources, Inc.l, BuMines OFR
,._B.| ITIS " M-llﬁﬂ‘ﬁ‘l’ ‘1“3]1 39 P.

3, Perry, J. Ho, Aul, G. ., and Cervik, J.:
Methane Dralnage Study Lm the Sunnyalde Coalbed,
Utah, BaMines RI 5323 (19783, 11 p.

8., Proaser, L. J., Fialingsr, G. L., and
carvik, J.: Methane Dralnage Study Using an
linderground Pipeline, Marianna Mine 58, BuMines RI
BSTT (1981), 29 p.

%. Thawwt, P. C., and Poundstone, W. N.:
"Horlmmatal Drilling Tecnnology lfor Advance
pegasifieation,” Mining Engineering (19801,
¥. 32, MNo. &, p. 6TE-680.

f. Yon Schnonfelst, H., PotBinl, D. R.,
el , 0. M., snd Henderson, B. L.: "Productionm ang
Utilization of Coalbed Methane Gaa 1n Island Creek
Coal Company Mines.® Procesdings of the
Unconventlosal GCas Recovery Syspoalum, SPESDOE
18817, Pictabargh, PA, May '&=18, 1582, p. 234-
20u,

7. Dunn, B. W,; “Coal aa & Conventlonal Sourge
of Methane: A Seview and Analysls of 50 Wells in
Two Production Areas ln the Black Warrloe Basin af
Alabama,” Procesdings of the Unoonventional Gas
Recovery Symposium, SPE/DOESQRI 12879, Pittaburgh,
FA. May 13=15, ‘"“‘! P kpT-H1E,

8§, Elder, C. H.: Effects of Hysraulle
Stimulation on Coalbeds and Aassociated Strata,
BuMines RI 8260 (197T), 20 p.

9., Lambert, 5. W., Trevits M. A., and
Steldl, F. F.:; Vertlcal Borshole Deslgn and
Completion Practices to Aescwe Methans Gas From
Mineable Coalbeds, if.5. Dep. Emergy CHTC/TR-80/2
(1980}, 163 p.

0. Steldi, P. F.: Foam Stispulatiom To Ephance
Productlon From Degasificatlien Wella In the
Fittaburgh Coalbed, BuMines AI 8286 (1978), 10 3.

11, Stubba, P. 8., Dobscha, F. X., and
Mahoney, J. V.1 "Dagealfication of tha Blus Crees
Coal Sess at Oak Grove Mine,® Prooesdings of the
xd Ann. Methans Secovery From Coalbeds Sysposium,
Pittaburgn, PA. Apr. 18-20, 1979, p. ¥6-113.

12, Dismond, W. P., and Oyler, D. C.: Effects of
Stimulation Treatasnts of Coaltsds and Surrounding
Strata: Evidence From Underground Obeervations,
BuMines W] 9083 (19871, 38 p.

13. Lambert, 5. W. (Tawrus Explocation, Inc.),
Private Commurilcation (1985); avallable upon
requaat from 5. W, Lembsrt, Teurus Exploration,
ing., Tuwacaloosa, AL.

8. Lasbert. 5. W., and Trevita, M. k3
Experience With Hydraulle Stimulation Through
Slotted Casing, BuMlnes WD B29% (1§78), 16 2.

15. .4 Mephnane Dralnage Ahead of Mining
taing Fose Stimulation-Mary Les Coalbed, AL, U.5.
pep. Energy RI-PMTC-30TH) (Jan. 197%), 32 2.

16, Mahoney, J. V., Stubbs, P. B.,
Schuerwe, F. C., and Dobacha, F.X.; "Effecta of a No-
Proppant Foas Stimulation Treatment on & Coal Seas
Degasificstion Borshole,” J. Petro. Tech, (19811, w,
33, mo. 1%, p. 222T-2235.

17, Boyer, C. M., snd Studba, P. B.: Heasurement
of Dymamic Coal bed Eeservolr Conditiona Regil~ed To
Desalgn Wear-Mine Methane Contral Activiiles la Lhe
Warrior Coal Baain, U.5. Dep. Energy.

DOE/ET/ 182081277 (Feb. 79831, 133 p.

18. Feantz, R« L., Kenney, J. F., and
Stefanko, N.: Feasibility Studiea and Demorstration
of Methane Resowery From Pennaylvania Coal Seams
(zontract JO155168, PA State Univ.). BaMines
OFR &-T9 (19TH), 18T p.

246




Diamond

9. Hurrle, G. “.q m. fi 5 r-s MeCullooh, S. M.,
and Stesle, D. J.i1 [eswveloment and Evaluation of
Nzar Mine Stisulation Techniques For Coal bed
Degasification (Somtract JO3I33908, Dames and
Moors]. BuMines OFR 135-85, NTIS P8 88-73084%
{19881, 127 p.

20. Malllburton Services,: The Frachook Desld
Manual for Hydraulic Wlﬁﬂﬁ. Halllburtan
oK

Servicea, Duncan, ), 1 b

1. Perkirs, T. K., and Xern, L. B.: "Widtha of
Hydraulle Fracturss " Procesdings of the 3fcn.
Anmual Fall Mesting, Soc. Petrol. Enge., AIME,
Det. B=1t, 1961, p. 268-27T.

2. Gas Research Institute.: Quarterly Ravies of
Methane From Coal Seams Technology., Multiple Coal
Seam Project (Sept. 198%), v. 3, Wo. 2, p. 19-4E.

TABLE 1. -~ Sumas"y of dita for 22 Intercepted stisulation Ereacgents

Treatment Fluid Surfaoe Pressure
Sana paig
Depth to Top Treatsent Vol use Injection Weignt ,
Coalbed, Hlmi Borahole of Coal [ft) Type fgal) Racs (B} (18] Average Hazinum
Blue Cresk Coal . Dak Orove Mine,
Jafferson County, Alabama
™=1 [13] 1.113.0 Gal/Mater 5,290 2-10.5 2,500 650 1,778
™2 [18] 1,093.8 Gel/Water 1,500 ] 4,000 2,800 2,500
™=3 [15] 1,074.0 Foam 20,000 10 25,000 1,900 1,500
T™-4 [16] 1,065.0 Foan 12, 200 10 12,520 1,500 1,800
=5 [9,16] 1,185.0 Fomm 53,000 2-6 - 1,200 Z,000
peM=5 [17) 1,383.5 Foam 8, B g - 850 983
pEM=6 [17] 1.,238.6 Foam 50,558 =T 10,004 &50 500
Plttaburgh Coalbed, Vesta No. % Mine,
Washington County, Penmsylvania
USEM-& [8] 588.0 Cel/¥ater 7.300 10.5% 1,500 1,550 1,800
Pittaburgh Coalbed, Eserald Mine,
Oresns County, Pennaylvania
g5 [9,.10] Tha.0 Fan 11, 5008 1.8 10,000 1,375 NE
EM=6 [9,10] 582.0 Fomm 29, 2008 V1.7 14,000 1,500 2,150
=T [9,00] T28.0 Foam 29, DooR 10,8 7, h00 L g NR®
-8 [10] bR6.2 Foam 42,0008 10,8 12,800  1,0%0 1,200
=11 [9] 3.0 Klel-Water 58,800 il 118, 600 1,200 (L]
Fleeaburgh Codlbed, Cumbarland Mine,
Greens Counmty, Pennaylvanla
CNG-1038 (18] T54,.0 Foam o, Baps 1 23,500 1, 200 L]
| Upper Fresport Coalbed, Lucerme No. 6 Mine,
Indiana County. Pennsylvania
re=1 [159] 626.5 Water 1,600 A=t - - 1,260
=2 (193] 610, 4 Foam 19, 200 L] T.000 1,150 1,2%0
nr=3 [19] 614,56 Fomm 30,200 B 11,500 &50 1,410
Lower Kittanning Coalbed, Kitt Mo. T Mine,
Barbow County, Weat ¥irginia
XE-2 [19) &60.0 Fomm 23,500 8 1,300 - 2, 0000
DOBM=5 £37.3 Fomm %0, sp0 B 11,800 250 1.210
Tllinois No. & Coalbed, Inland, Steel Mine
JefTeraon Cowty, [llinois
i=NE [8] T12%.0 Gel Wate 12,000 1a 6,800 50 1,040
Jawbone Coalbed, MoClure No. | Mine,
Dickenson County, Vieginla
oG-1a [9] H2%.0 Foas 35, 009 16 28,000 ] nR
fiock Canyon Coalbed, Soldler Canyon MLns.
Carbon Cownty, Utah
sc=1 [15] G84.0 Foan 50, 000 14 15,000  1,3% 1,500

Aplus ¥0-gal water pad.
DSoresnout ooturred.
Cplus Gi0-gal water Flush.
dplus 0, 200-gal water pad.
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TABLE 2 ~ Summary of wnderground observatlcons for I2 intercepted atlsulatlon treatments
Maziaum Dbaerved Maxiaum QObae ved
Vertical Wing MHaximus Horizontal Fracture
Fluor- Lengeh (Ft) Vertical Tomes of Lengeh (re) Multiple
Hole esacent Fracture Multiple Horizontal Roof
Location Paint Sand- Faint ‘:u?h Vertizal Sang- Paint- Fracture Pane-
Borehal & od  Used Fllled Coated 4] Fractures Filied (Coat Planes tratlon
Te-1 su W L] - 172 Te= - - = Tes
™-2 fes No 18 - k=172 Ten 8 - fea Na
™-13 Tea Ng 210 - kfal] Ho - - - Tes
Te-=4 fen No 220 - g No - - - Tes
™% Tes Tes - iTo Cleat Tes - 210 Tes Tes
DHM-5 NC Tes - ju Cleat Tes - B - Tes
D=4 fas Tea 5 630 1716 Yes - - - ]
USEM-L Tes Ho n - =1/2 fea - - - No
-5 No No 180 - =173 No 50 - No No
EM-& Yes Neo m - 2<1/2 Tea 10 - Tea Tas
EM-T fes ¥o 18 - 12 No - - - No
EM=8 Mo Wa 55 - 3neé Tes 15 - Yes Tes
Bt No No - - = - e - Mo Tes
ONG-1034  No L] 100 - /4 [ 5] - - - Mo
Ap=1 YTea Tea o 2 1718 Ten - 35 No Na
ap-3 Yas Yes 30 67 1/2 Tes 17 269 Taa Wa
rRP-3 Ten Tea n 130 1 Tes 0 200 YTea e
KE-2 No Tes - L] Cleat Ne - 100 No Ho
DGBH-% No Ne T - 2 fes 108 - No Ko
1=NE No Ha neé - 38 No - - - Yos
DG=1A Yea L 20 - /8 - 250 - Yo No
sc-1 ¥o Yes - - - = - - - -
3gand from fill st tottem of mole not from treatsent.
Barshole
hai |02 | 201
N
; \/ \/ n
s it
\/ =5 t
~ Cleat
= Boruhode
Bormhoie & EM-5 /
T T a \j
% &
Cieat
LEGEND
and cemen flles et 222 Horizostal frocture, sond filed \
== ertical froches n roef and ril, Soals, e] 0 100
ngne ond camen? filed TR
Seain. T I~

] rAoof il

FIGURE '. = Mine map, boreholes TW-] and TW-8, with
fracture orisatations, (Modifled from
Lambert [15])

FIGURE 2. - Mine map, borehole EM-5, with fracture
arientatlions. (Hodiflied From Lasber:
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FICURE 4. - Mine map, boreholes DHM-5 and OHM-R,
with fracture prientatioma. (Modified
from Boyer [17])

FIGURE 3. - Mine map, borshole 1=-NE, with fracture
grientatloma. (Modified from Elder [B])

FICURE 5. - Hine map, boreholes AP-1 through RP-1, wiih (racture
orlentatioma [19].
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FIGURE 6. - Mine sap, borshole TW-5, with fracture orientacions.

(Modified from Mahoney [16])
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FIGURE 7. - Craaa section of fractures at locatlon 25 an Lhe ssutheast

FiD near Dorehole EP-1,

(Modified from Murrie [19])
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FIOGURE B. - Cross asction of ooal face at borehole TW-2 with frasture
orientations. (Modifled from Lambert [18])
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FIGURE 9. - Mine map, boreholes RP-1 through 8P-3, with horlzaatal
distributlon of paint an roaf [19].
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: 10 Characterization of Fracture Geometry and Roof Penetrations Associated with Stimulation Treatments in Coalbeds
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FIGURE 10. = Mine map, boreholes AP-1 througn AP-3, with horlzontal
dlstributlon of palnt and sand on top of shale parting
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FIGURE 11. - Mine map, boremole EM-8, with fracture orlentatlons.
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FIGURE f2. = Croas ssctlon of Prasturss on rib at
location | neaar borsRals EM-8.
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7
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= Creas section of Fractures on rib at
lecatlon § near borehole EM-8.
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FIGIRE '5. -~ Croas seotion of fracturea at
location T near borehole PR-2. [19]

FIGNE 15.

=~ Cross sectiom of fracture o0a rib at
locaton ¥ near borshole EM-A.
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